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(54) OPTICAL SYSTEM

(567)  The optical system disclosed in the embodiment
of the invention includes a first lens, a second lens, a
third lens, a fourth lens, a fifth lens, a sixth lens, a seventh
lens, and a eighth lens sequentially disposed along an
optical axis from an object side to an image side, wherein
the second lens has positive refractive power, the third
lens has negative refractive power, the seventh lens has
positive refractive power, and the eighth lens has nega-
tive refractive power, wherien refractive indices of the
first, third, and fifth lenses are greater than those of the
second, fourth, sixth, and eighth lenses, and have a re-
lationship of 1.2 <F /D1 < 2.4, where F is a total effective
focal length of the optical system, and D1 may be an
effective diameter of the first lens.
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Description
[Technical Field]
[0001] The embodiment relates to an optical system for high resolution.
[Background Art]

[0002] The cameramodule captures anobjectand storesitas animage or video, and is installed in various applications.
In particular, the camera module is produced in a very small size and is applied to not only portable devices such as
smartphones, tablet PCs, and laptops, but also drones and vehicles to provide various functions.

[0003] For example, the optical system of the camera module may include an imaging lens for forming an image, and
an image sensor for converting the formed image into an electrical signal. In this case, the camera module may perform
an autofocus (AF) function of aligning the focal lengths of the lenses by automatically adjusting the distance between
the image sensor and the imaging lens, and may perform a zooning function of zooming up or zooning out by increasing
or decreasing the magnification of a remote object through a zoom lens. In addition, the camera module employs an
image stabilization (IS) technology to correct or prevent image stabilization due to an unstable fixing device or a camera
movement caused by a user’'s movement.

[0004] The mostimportant element for this camera module to obtain an image is an imaging lens that forms an image
side. Recently, interest in high resolution is increasing, and research using five or six lenses is being conducted in order
to realize this. For example, research using a plurality of imaging lenses having positive (+) and/or negative (-) refractive
power is being conducted to realize high resolution. However, when a plurality of lenses is included, there is a problem
in that it is difficult to derive excellent optical properties and aberration properties. Accordingly, a new optical system
capable of solving the above problems is required.

[Disclosure]
[Technical Problem]

[0005] An embodiment of the invention provides an optical system with improved optical properties.
[0006] An embodiment of the invention provides an optical system having at least 8 lenses.

[Technical Solution]

[0007] An optical system according to an embodiment of the invention includes a first lens, a second lens, a third lens,
a fourth lens, a fifth lens, a sixth lens, a seventh lens, and an eighth lens sequentially disposed along an optical axis
from an object side to an image side, wherein the second lens has positive refractive power, the third lens has negative
refractive power, the seventh lens has positive refractive power, and the eighth lens has negative refractive power,
wherein refractive indices of the first, third, and fifth lenses are greater than refractive indices of the second, fourth, sixth,
and eighth lenses, and have a relationship of 1.2 < F / D1 < 2.4, where F is total effective focal length of the optical
system, and D1 may be an effective diameter of the first lens.

[0008] According to an embodiment of the invention, a center thickness of the second lens may be thicker than a
center thickness of each of the first, third to eighth lenses. Abbe numbers of the second, fourth, sixth, and eighth lenses
may be 50 or more, and Abbe numbers of the third and fifth lenses may be less than 30.

[0009] According to an embodiment of the invention, the optical system includes an image sensor on an image side
of the eighth lens; and an optical filter between the image sensor and an eighth lens, wherein the optical system satisfies
the following Equations 1 and 2:

[Equation 1] 0 <BFL/TTL <0.5
and
[Equation 2] 0 < BFL/Img < 0.5,

where BFL is a distance from an apex of an image-side surface of the eighth lens to the image sensor, TTL is a distance
from an apex of an object-side first surface of the first lens to the image sensor, and Img may be a vertical distance from
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the optical axis to 1.0F, which is a diagonal end, on the image sensor.

[0010] According to an embodiment of the invention, the optical system includes an image sensor on the image side
of the eighth lens and an optical filter between the image sensor and the eighth lens, and the optical system satisfies
the following equation 5:

[Equation 5] 0.5 <TTL /D8 < 1.5,

where TTL is a distance from the apex of the object-side first surface of the first lens to the image sensor, and D8 may
be an effective diameter of the eighth lens.

[0011] According to an embodiment of the invention, the optical system satisfies the following equation: [Equation]
0.5 < f2/F < 1.5, [Equation] -5 < f2/f3 < 0, and F is total effective focal length of the optical system, f2 may be a focal
length of the second lens, and f3 may be a focal length of the third lens.

[0012] An optical system according to an embodiment of the invention includes a first lens, a second lens, a third lens,
a fourth lens, a fifth lens, a sixth lens, a seventh lens, and a eighth lens sequentially disposed along an optical axis from
an object side to an image side, wherein a center thickness of the second lens is greater than a center thickness of each
of the first, third to eighth lenses, an Abbe number of the second lens is greater than an Abbe numbers of the third and
fifth lenses, and the optical system satisfies the following equation:

0.5<TTL/D8 < 1.5 and 0 < [f2/f3| <5

[0013] TTL is a distance from an apex of the object-side first surface of the first lens to the image sensor, D8 is an
effective diameter of the eighth lens, f2 is a focal length of the second lens, and f3 may be a focal length of the third lens.
[0014] According to an embodiment of the invention, a radius of curvature of an object-side surface of the second lens
is L2R1 and an absolute value of a radius of curvature of the image-side surface of the second lens is |L2R2|, the
following equation may be satisfied: 0 < L2R1/|L2R2| < 1.

[0015] According to an embodiment of the invention, when a radius of curvature of an object-side surface of the third
lens is L3R1 and an absolute value of a radius of curvature of an image-side surface of the second lens is |L3R2|, the
following equation may be satisfied: 0 < L3R2/|L3R1| < 1.

[0016] According to an embodiment of the invention, when a refractive index of the second lens at 587 nm is G2 and
a refractive index of the third lens at 587 nm is G3, the following relationship may be satisfied: 0.7 < G2/G3 < 1.2. A
center thickness of the second lens is T2 and the center thickness of the third lens is T3, the following relationship may
be satisfied: 1 < T2/T3 <5.

[0017] An optical system according to an embodiment of the invention includes a first lens, a second lens, a third lens,
a fourth lens, a fifth lens, a sixth lens, a seventh lens, and an eighth lens sequentially disposed along an optical axis
from an object side to an image side, and the following equations may be satisfied:

[Equation 4] 1.2 <F/D1<24

[Equation 5] 0.5 < TTL/D8 < 1.5

[Equation 7] 0 <|f2/f3| <5

[0018] Here, F is the total effective focal length of the optical system, D1 is the effective diameter of the firstlens, TTL
is the distance from the apex of the object-side first surface of the first lens to the image sensor, and D8 is an effective
diameter of the eighth lens, f2 may be a focal length of the second lens, and f3 may be a focal length of the third lens.
[0019] According to an embodiment of the invention, a first distance between the seventh lens and the eighth lens on
the optical axis may be greater than a second distance between the first lens and the second lens. The first distance
and the second distance may be greater than or equal to 0.4 mm. The center thickness of the second lens may be in
the range of 2 to 4 times that of the center thickness of the third lens.
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[Advantageous Effects]

[0020] The optical system according to the embodiment may correct aberration characteristics and implement a slim
optical system. Accordingly, the optical system may be miniaturized and high image quality and high resolution may be
realized.

[0021] In addition, the optical system according to the embodiment may block unnecessary light entering the optical
system. Accordingly, it is possible to improve performance of the optical system by reducing aberration.

[Description of Drawings]
[0022]

FIG. 1 is a configuration diagram of an optical system according to a first embodiment of the invention.

FIG. 2 is a configuration diagram of an optical system according to a second embodiment of the invention.

FIG. 3 is a configuration diagram of an optical system according to a third embodiment of the invention.

FIG. 4 is a perspective view of a mobile terminal having an optical system according to an embodiment of the invention.

[Best Mode]

[0023] Hereinafter, preferred embodiments of the invention will be described in detail with reference to the accompa-
nying drawings. A technical spirit of the invention is not limited to some embodiments to be described, and may be
implemented in various other forms, and one or more of the components may be selectively combined and substituted
for use within the scope of the technical spirit of the invention. In addition, the terms (including technical and scientific
terms) used in the embodiments of the invention, unless specifically defined and described explicitly, may be interpreted
in a meaning that may be generally understood by those having ordinary skill in the art to which the invention pertains,
and terms that are commonly used such as terms defined in a dictionary should be able to interpret their meanings in
consideration of the contextual meaning of the relevant technology. Further, the terms used in the embodiments of the
invention are for explaining the embodiments and are not intended to limit the invention. In this specification, the singular
forms also may include plural forms unless otherwise specifically stated in a phrase, and in the case in which at least
one (or one or more) of A and (and) B, C is stated, it may include one or more of all combinations that may be combined
with A, B, and C. In describing the components of the embodiments of the invention, terms such as first, second, A, B,
(a), and (b) may be used. Such terms are only for distinguishing the component from other component, and may not be
determined by the term by the nature, sequence or procedure etc. of the corresponding constituent element. And when
itis described that a componentis "connected ", "coupled" or "joined" to another component, the description may include
not only being directly connected, coupled or joined to the other component but also being "connected ", "coupled" or
"joined" by another component between the component and the other component. In addition, in the case of being
described as being formed or disposed "above (on)" or "below (under)" of each component, the description includes not
only when two components are in direct contact with each other, but also when one or more other components are
formed or disposed between the two components. In addition, when expressed as "above (on)" or "below (under)", it
may refer to a downward direction as well as an upward direction with respect to one element.

[0024] Inthe description of the invention, the first lens means a lens closest to the object side, and the last lens means
a lens closest to the image side (or sensor surface). Unless otherwise specified in the description of the invention, all
units for the radius, effective diameter, thickness, distance, BFL (Back Focal Length), TTL (Total track length or Total
Top Length) of the lens are mm. In this specification, a shape of the lens is shown based on the optical axis of the lens.
For example, the fact that the object side of the lens is convex means that the object side of the lens is convex on the
vicinity of the optical axis, not convex around the optical axis. Therefore, even when it is described that the object side
ofthe lens is convex, the portion around the optical axis on the object side of the lens may be concave. In this specification,
it is noted that the thickness and radius of curvature of the lens are measured based on the optical axis of the lens. In
addition, "object-side surface" may mean a surface of a lens facing an object side based on an optical axis, and "image
side" may mean a surface of a lens facing an imaging surface based on an optical axis.

[0025] An optical system according to an embodiment of the invention may include a plurality of lenses. In detail, the
optical system according to the first to third embodiments may include at least eight lenses. As the resolution increases,
the size of the image sensor also increases, and the number of lenses gradually increases according to the resolution
of the image sensor. An embodiment of the invention is to provide a high-resolution optical system using at least eight
lenses.

[0026] Referring to FIG. 1, the optical system of the first embodiment may include, for example, a first lens 111, a
second lens 112, a third lens 113, a fourth lens 114, a fifth lens 115, a sixth lens 116, a seventh lens 117, and an eighth
lens 118 sequentially arranged from the object side to the image side. The optical system may include an optical filter
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192 and an image sensor 190. An optical system having the plurality of lenses 111 to 118 may be defined as a lens
optical system, and an optical system further including the lenses 111 to 118, an optical filter 192, and an image sensor
192 may be defined as a camera module.

[0027] The first to eighth lenses 111 to 118 may be sequentially disposed along the optical axis Lx of the optical
system. The light corresponding to the image information of the object may be incident through the first lens 111, the
second lens 112, the third lens 113, the fourth lens 114, the fifth lens 115, the sixth lens 116, the seventh lens 117 and
the eighth lens 118, and may be obtained as electrical signal by the image sensor 190 through the optical filter 192.
[0028] Each of the first to eighth lenses 111 to 118 may include an effective region and an ineffective region. The
effective region may be a region through which light incident on each lens passes. That is, the effective region may be
aregion in which the incident light is refracted to implement optical characteristics. The ineffective region may be arranged
around the effective region. The ineffective region may be a region in which the light is not incident. That is, the ineffective
region may be a region unrelated to the optical characteristics. Also, the ineffective region may be a region fixed to a
barrel (not shown) accommodating the lens, or a region in which light is blocked by a light blocking part or a spacer.
[0029] The optical system according to the embodiment may include an aperture stop ST for adjusting the amount of
incident light. The aperture stop ST may be disposed between two lenses selected from among the first to eighth lenses
111,112,113,114,115,116,117,and 118. Forexample, the aperture stop ST may be disposed on an outer circumference
between the first lens 111 and the second lens 112, or on an outer circumference between the second lens 112 and the
third lens 113. The aperture stop ST may be disposed closer to the exit side of the first lens 111 than to the fourth lens
114. As another example, at least one of the first to eighth lenses 111, 112,113, 114, 115, 116, 117, and 118 may serve
as an aperture stop. For example, one surface selected from among the lens surfaces of the first to eighth lenses 111,
112, 113, 114, 115, 116, 117, and 118 may serve as an aperture stop for adjusting the amount of light. For example,
the circumference of the image side of the first lens 111 or the circumference of the object side of the second lens 112
may serve as an aperture stop.

[0030] The firstlens 111 may have positive (+) or negative (-) refractive power. The first lens 111 may include a plastic
material. The first lens 111 may include a first surface S1 defined as an object-side surface and a second surface S2
defined as an image-side surface. The first surface S1 may be convex on the optical axis Lx, and the second surface
S2 may be concave on the optical axis Lx. That is, the first lens 111 may have a meniscus shape convex toward the
object side.

[0031] Atleastone of the first surface S1 and the second surface S2 of the first lens 111 may be an aspherical surface.
For example, both the first surface S1 and the second surface S2 may be aspherical. At least one of the first surface
S1 and the second surface S2 may have an inflection point. In detail, the first surface S1 may include a first inflection
point defined as an inflection point. The first inflection point may be disposed at a position between about 80% and about
99% from the optical axis, when the optical axis Lx is the starting point and an edge of the first lens 111 is the ending
point. Here, the location of the first inflection point may be a location set based on a vertical direction of the optical axis
Lx. The second surface S2 may include a second inflection point defined as an inflection point. The second inflection
point may be disposed at a position between about 60% and about 80% from the optical axis Lx, when the optical axis
Lx is a starting point and the edge of the first lens 111 is an end point. Here, the location of the second inflection point
may be a location set based on a vertical direction of the optical axis Lx.

[0032] The second lens 112 may have positive (+) refractive power. The second lens 112 may include a plastic or
glass material. The second lens 112 may include a third surface S3 defined as an object-side surface and a fourth
surface S4 defined as an image-side surface. The third surface S3 may be convex on the optical axis Lx and the fourth
surface S4 may be convex on the optical axis Lx. That is, the second lens 112 may have a convex shape on both sides.
As another example, the third surface S3 may be convex and the fourth surface S4 may be infinity or concave. At least
one of the third and fourth surfaces S3 and S4 may have a spherical surface or an aspheric surface. For example, both
the third surface S3 and the fourth surface S4 may be aspheric surfaces. The size of the effective diameter of the first
lens 111 and/or the second lens 112 may be larger than that of the third lens 113. Here, the effective diameter may be
a diameter of a region into which light is incident.

[0033] The third lens 113 may have negative (-) refractive power. The third lens 113 may include a plastic or glass
material. The third lens 113 may include a fifth surface S5 defined as an object-side surface and a sixth surface S6
defined as an image-side surface. The fifth surface S5 may be convex on the optical axis Lx, and the sixth surface S6
may be concave on the optical axis Lx. That is, the third lens 113 may have a meniscus shape convex toward the object
side. As another example, the fifth surface S5 may be flat or concave, and the second lens 112 may have a concave
shape on both sides. At least one of the fifth surface S5 and the sixth surface S6 may be a spherical surface or an
aspheric surface. For example, both the fifth surface S5 and the sixth surface S6 may be aspheric surfaces.

[0034] The fourth lens 114 may have positive (+) or negative (-) refractive power. The fourth lens 114 may include a
plastic material. The fourth lens 114 may include a seventh surface S7 defined as an object-side surface and an eighth
surface S8 defined as an image-side surface. The seventh surface S7 may be concave on the optical axis Lx and the
eighth surface S8 may be convex on the optical axis Lx. That is, the fourth lens 114 may have a meniscus shape convex
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on the image side. Alternatively, the seventh surface S7 may be flat. At least one of the seventh surface S7 and the
eighth surface S8 may be an aspheric surface. For example, both the seventh surface S7 and the eighth surface S8
may be aspheric surfaces.

[0035] The fifth lens 115 may have positive (+) or negative (-) refractive power. The fifth lens 115 may include a plastic
material. The fifth lens 115 may include a ninth surface S9 defined as an object-side surface and a tenth surface S10
defined as an image-side surface. The ninth surface S9 may be concave on the optical axis Lx, and the tenth surface
S10 may be convex on the optical axis Lx. That is, the fifth lens 115 may have a meniscus shape convex to the image
side. Alternatively, the ninth surface S9 may be flat. At least one of the ninth surface S9 and the tenth surface S10 may
be an aspherical surface. For example, the ninth surface S9 and the tenth surface S10 may be aspheric surfaces.
[0036] The sixth lens 116 may have positive (+) or negative (-) refractive power. The sixth lens 116 may include a
plastic or glass material. The sixth lens 116 may include an eleventh surface S11 defined as an object-side surface and
a twelfth surface S12 defined as an image-side surface. The eleventh surface S11 may be concave on the optical axis
Lx, and the twelfth surface S12 may be convex on the optical axis Lx. That is, the sixth lens 116 may have a meniscus
shape convex on the image side. At least one of the eleventh surface S11 and the twelfth surface S12 may be an aspheric
surface. For example, both the eleventh surface S11 and the twelfth surface may be aspheric surfaces.

[0037] Atleast one of the eleventh surface S11 and the twelfth surface S12 may have an inflection point. The radius
of curvature on the center of the eleventh surface S11 of the sixth lens 116 may be smaller than the radius of curvature
on the center of the seventh and ninth surfaces S7 and S9 of the fourth and fifth lenses 114 and 116. Here, the effective
diameters of the third, fourth, fifth, and sixth lenses 113, 114, 115, and 116 may be larger than those of lenses adjacent
to the image side from the object side.

[0038] The seventh lens 117 may have positive (+) refractive power. The seventh lens 117 may include a plastic
material. The seventh lens 117 may include a thirteenth surface S13 defined as an object-side surface and a fourteenth
surface S14 defined as an image-side surface. The thirteenth surface S13 may be convex on the optical axis Lx, and
the fourteenth surface S14 may be concave on the optical axis Lx. The thirteenth surface S13 and the fourteenth surface
S14 may be aspherical surfaces. At least one or both of the thirteenth surface S13 and the fourteenth surface S14 may
have at least one inflection point. In detail, the thirteenth surface S13 may have an inflection point around the center,
and the inflection point may be disposed in a position between about 40% to about 60% from the optical axis, when the
starting point is the optical axis Lx and the edge of the seventh lens 117 is the end point. Here, the position of the inflection
point on the thirteenth surface S13 may be a position set based on the vertical direction of the optical axis Lx. The
inflection point of the fourteenth surface S14 may be disposed closer to the edge than the inflection point of the thirteenth
surface S13.

[0039] The eighth lens 118 may have negative (-) refractive power. The eighth lens 118 may include a plastic material.
The eighth lens 118 may include a fifteenth surface S15 defined as an object-side surface and a sixteenth surface S16
defined as an image-side surface. The fifteenth surface S15 may be convex on the optical axis Lx, and the sixteenth
surface S16 may be concave on the optical axis Lx. The fifteenth surface S15 and the sixteenth surface S16 may be
aspheric surfaces. Each of the fifteenth surface S15 and the sixteenth surface S16 may have at least one inflection
point. At least one of the fifteenth surface S15 and the sixteenth surface S16 may have an inflection point. In detail, the
fifteenth surface S15 may have an inflection point around the center, and the inflection point may be disposed in a
position between about 15% to about 50% from the optical axis, when the starting point is the optical axis Lx and the
edge of the eighth lens 118. Here, the location of the inflection point on the fifteenth surface S15 may be a location set
based on the vertical direction of the optical axis Lx. The inflection point of the sixteenth surface S16 may be disposed
closer to the edge than the inflection point of the fifteenth surface S15.

[0040] The optical filter 192 may include at least one of an infrared filter and an optical filter such as a cover glass.
The optical filter 192 may pass light of a set wavelength band and filter light of a different wavelength band. When the
optical filter 192 includes an infrared filter, radiant heat emitted from external light may be blocked from being transferred
to the image sensor. In addition, the optical filter 192 can transmit visible light and reflect infrared light. The image sensor
190 may detect light. The image sensor 190 may include a Charge Coupled Device (CCD) or Complementary Metal
Oxide Semiconductor (CMOS).

[0041] In the optical system of the first embodiment, all of the first to sixteenth surfaces S1 to S16 of the first to eighth
lenses 111 to 118 may be aspheric surfaces. Among the radii of curvature of the first to sixteenth surfaces S1 to S16
(changed in absolute values), the radius of curvature of the seventh surface S7 may be the largest. The thirteenth surface
S13 may have a radius of curvature of 2.5 mm or less, which is smaller than the radius of curvature of the other surfaces.
In the Abbe numbers of the first to eighth lenses 111 to 118, Abbe numbers of the second lens 112, the fourth lens 114,
the sixth lens 116, and the eighth lens 118 are 50 or more, and Abbe numbers of the first lens 111, the third lens 113,
the fifth lens 115, and the seventh lens 117 may be less than or equal to 30. In the refractive indices of the first to eighth
lenses 111 to 118, the refractive indices of the first lens 111, the third lens 113, the fifth lens 115, and the seventh lens
117 are 1.6 or more, and the refractive indices of the second lens 112, the fourth lens 114, the sixth lens 116, and the
eighth lens 118 may be less than 1.6. The third lens 113 and the fifth lens 115 have the highest refractive index and
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[0042] Table 1 shows the data of the radius of curvature, thickness, distance, refractive index, and Abbe number of
the surface of each lens of the first embodiment.
[Table 1]
Lens Surface | Radius (mm) of curvature | Thickness (mm)/ Distance (mm) Index Abbe #
S1 2.724 0.315 1.6142 | 25.592
LENS 1
S2 2.472 0.218
Aperture stop Stop Infinity -0.100
S3 2.213 0.771 1.5441 56.115
LENS 2
S4 -26.543 0.050
S5 6.013 0.250 1.6714 19.238
LENS 3
S6 2.967 0.424
S7 38.964 0.320 1.5441 56.115
LENS 4
S8 -18.514 0.105
S9 -15.752 0.292 1.6714 19.238
LENS 5
S10 -17.115 0.257
S11 -7.290 0.327 1.5441 56.115
LENS 6
S12 9.322 0.114
S13 2.066 0.659 1.6142 | 25.592
LENS 7
S14 4.971 0.458
S15 2.840 0.621 1.5343 | 55.656
LENS 8
S16 1.50 0.573
Optical filter S17 Infinity 0.110 1.5168 | 64.198
S18 Infinity 0.482

[0043] In Table 1, the thickness is a center thickness (mm) of each lens, and the distance is a distance (mm) between
two adjacent lenses. S17 means the incident-side surface of the optical filter, and S18 is the exit surface of the optical
filter. Comparing the radius of curvature as an absolute value, the radius of curvature of the seventh surface S7 of the
fourth lens 114 may be the largest in the lens, and may be more than twice of the radius of curvature of the ninth surface
S9 and the tenth surface S10 of the fifth lens 115. The radius of curvature of the tenth surface S10 may be greater than
that of the ninth surface S9. Among the first to fifth lenses 111 to 115, the second lens has the thickest center thickness,
and the distance between the third and fourth lenses 113 and 114 may be greater than the distance between the first
and second lenses 111 and 112, and may be smaller than the center thickness of the seventh and eighth lenses 117
and 118. The center thickness of the second lens 112 may be the thickest among lenses.

[0044] Table 2 shows values of aspheric coefficients of surfaces of each lens in FIG. 1.

[Table 2]

surf | A B C D E F G H J

ace

s1 |- ] ] 00170 | - 0.057 | - 0021 |- 0.000
3089 | 0018 | 0012 | 167 0041 | 955 0.046 | 8303 0.005 | 5978
9574 0057 | 4644 0195 4868 584

s2 |-2305 | 0097 |-0267 | 03451 |-0329 | 0238 |-0.121 | 0039 |-0007 | 0.000
00134 | 822 5848 03 7477 7919 2616 8642 5877 6337
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(continued)
surf | A B c D E F G H J
ace
S3 -17.01 | 0.153 -0.235 | 0.2433 | -0.145 | 0.024 0.038 -0.033 | 0.011 - 0.001
62005 0463 4327 468 8932 2123 9477 9407 4453 4715
S4 0 -0.033 | 0.082 E) 1956 | 0271 -0.234 | 0.128 -0.043 | 0.008 -0.000
7116 8922 659 4156 3141 418 4922 2855 6877
S5 -
0 -0.077 | 0.074 0.0450 | 0062 | 0.196 -0.215 | 0.122 -0.035 | 0.004
6521 879 7'05 6064 1302 6938 5191 7757 2551
S6 -6.832 | -0.017 | 0.023 0.0366 | -0.129 | 0.199 -0.175 | 0.090 -0.024 | 0.002
222 8272 4282 163 8007 9169 8386 0978 869 8523
S7 0 -0.042 | 0.123 E) s431 | 0-580 -0.640 | 0.463 -0.208 | 0.053 -0.005
7572 517 6'76 6861 6142 2482 9351 1806 8518
S8 -
0 -0.063 | 0.248 05425 | 0703 -0.591 | 0.326 -0.113 | 0.022 - 0.001
7483 6185 657 6447 7804 9063 1263 0976 8577
S9 0 -0.023 | 0.133 E) ooag | 0-364 0.276 0.132 0.038 0.006 0.000
1283 1634 8'08 1274 2297 1232 7519 3289 4375
S13 0.004 0.001 | . 0.034 0.011 0.003 | 0.003 0.001
0 : e 0.0296 : e e : NS 0.000 1
214 5675 57 7705 5008 6509 8033 0449
S14 -
7.747 -0.034 | 0.069 00778 | 0032 0.005 -0.011 | 0.004 -0.000 | 7.52E
9937 6341 187 6'7 4081 8268 3402 8687 9648 -05
S13 -
0 -0.290 | 0.357 03414 | 0-231 -0.110 | 0.036 -0.007 | 0.000 - 4.48E
0486 0901 3'1 4 6894 3664 004 5061 8865 -05
S13 -
-8.697 | -0.077 | 0.099 01025 | 0-063 -0.026 | 0.007 -0.001 | 0.000 -7.35E
7922 0769 3536 3'79 7621 6614 5595 4022 153 -06
S14 -
-2.238 | 0.006 -0.010 | o s, | 0.002 -0.000 | 0.000 -7.07E | -1.96E | 2.81E
4925 6676 4493 4'36 9417 8717 1259 -06 07 -08
S15 -
-3.462 | -0.200 | 0.106 0.0480 | 0015 -0.003 | 0.000 -3.09E | 1.35E - 2.56E
6653 4288 6778 959 2998 1068 3963 -05 -06 -08
S16 0.036 - 0.002 4.11E 7.99E
-5425 | -0.082 | oo 00125 | 9351 -0.000 | -240E | o -1.16E
8583 3113 638 4365 -06 -09

[0045] Referring to FIG. 2, the optical system of the second embodiment may include, for example, a first lens 121,
a second lens 122, a third lens 123, a fourth lens 124, a fifth lens 125, a sixth lens 126, a seventh lens 127, and an
eighth lens 128 sequentially arranged from the object side to the image side. The optical system may include an optical
filter 192 and an image sensor 190. The first to eighth lenses 121 to 128 may be sequentially disposed along the optical
axis Lx of the optical system. The light corresponding to the image information of the object is incident through the first
lens 121 to the eighth lens 128, and passes through the optical filter 192, and may be obtained as an electrical signal
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by the image sensor 190. Each of the first to eighth lenses 121 to 128 may include an effective region and an ineffective
region. The effective region may be a region through which light incident on each lens passes. That is, the effective
region may be a region in which the incident light is refracted to implement optical characteristics. The ineffective region
may be arranged around the effective region. The ineffective region may be a region in which the light is not incident.
That is, the ineffective region may be a region unrelated to the optical characteristics. Also, the ineffective region may
be a region fixed to a barrel (not shown) accommodating the lens, or a region in which light is blocked by a light blocking
part or a spacer.

[0046] The aperture stop ST may be disposed between two lenses selected from among the first to eighth lenses 121
to 128. For example, the aperture stop ST may be disposed on an outer circumference between the first lens 121 and
the second lens 122, or on an outer circumference between the second lens 122 and the third lens 123. The aperture
stop ST may be disposed closer to the exit-side surface of the first lens 121 than the fourth lens 124. As another example,
at least one lens among the first to eighth lenses 121 to 128 may serve as an aperture stop. For example, one surface
selected from the lens surfaces of the first to eighth lenses 121 to 128 may serve as an aperture stop for adjusting the
amount of light. For example, the circumference of the image side of the first lens 121 or the circumference of the object
side of the second lens 122 may serve as an aperture stop. In the optical system of the second embodiment, each lens
may have a difference in the curvature of the object-side surface and the image-side surface of each lens of the first
embodiment, a difference in thickness or refractive index of the center of each lens, and a difference in a distance
between the other lenses, which will be described below.

[0047] Referring to FIG. 2, in the optical system of the second embodiment, all of the first to sixteenth surfaces S1 to
S16 of the first to eighth lenses 121 to 128 may be aspheric surfaces. Among the radii of curvature (including absolute
values) of the first to sixteenth surfaces S1 to S16, the radius of curvature of the seventh surface S7 may be the largest,
and the third surface S3 and the thirteenth surface S13 may have a radius of curvature of 2.5 mm or less, which is
smaller than the radius of curvature of the other surface. In the Abbe numbers of the first to eighth lenses 121 to 128,
the Abbe number of the first lens 121, the second lens 122, the fourth lens 124, the sixth lens 126, and the eighth lens
128 may be 50 or more, and the Abbe numbers of the third lens 123, the fifth lens 125, and the seventh lens 127 may
be 30 or less. In the refractive indices of the first to eighth lenses 121 to 128, the refractive indices of the first lens 121,
the third lens 123, the fifth lens 125, and the seventh lens 127 are 1.6 or more, and the refractive indices of the second
lens 122, the fourth lens 124, the sixth lens 126, and the eighth lens 128 may be less than 1.6. The third lens 123 and
the fifth lens 125 have the highest refractive index and may be 1.65 or more.

[0048] Table 3 shows the data of the radius of curvature, thickness, distance, refractive index, and Abbe number of
the surface of each lens of the second embodiment.

[Table 3]
Lens Surface | Radius (mm) of curvature | Thickness (mm)/ Distance (mm) Index Abbe #
S1 2.704 0.336 1.5441 | 56.115
LENS 1
S2 2.537 0.226
Aperture stop Stop Infinity -0.100
S3 2.293 0.772 1.5441 | 56.115
LENS 2
S4 -24.290 0.050
S5 5.394 0.250 1.6714 | 19.238
LENS 3
S6 2.886 0.507
S7 454.728 0.320 1.5441 | 56.115
LENS 4
S8 -11.396 0.102
S9 -11.581 0.280 1.6714 | 19.238
LENS 5
S10 -18.105 0.252
S11 -8.232 0.365 1.5441 | 56.115
LENS 6
S12 10.206 0.082
S13 2.154 0.611 1.6142 | 25.592
LENS 7
S14 5.014 0.481




10

15

20

25

30

35

40

45

50

55

EP 4 198 600 A1

(continued)
Lens Surface | Radius (mm) of curvature | Thickness (mm)/ Distance (mm) Index Abbe #
S15 2.984 0.606 1.5343 | 55.656
LENS 8
S16 1.501 0.573
Optical filter S17 Infinity 0.110 1.5168 | 64.198
S18 Infinity 0.463

[0049] In Table 2, the thickness is a center thickness (mm) of each lens, and the distance is a distance (mm) between
two adjacent lenses. S17 means the incident-side surface of the optical filter, and S18 means the exit-side surface of
the optical filter. Comparing the radius of curvature as an absolute value, the radius of curvature of the seventh surface
S7 of the fourth lens 124 may be the largest in the lens, and may be 40 times larger than the radius of the curvature of
the ninth surface S9 of the fifth lens 125. The radius of curvature of the tenth surface S10 may be greater than that of
the ninth surface S9. Among the first to fifth lenses 121 to 125, the lens having the thickest center thickness is the second
lens, and the distance between the third and fourth lenses 123 and 124 may be greater than the distance between the
first and second lenses 121 and 122, and may be smaller than the center thickness of the seventh and eighth lenses
127 and 128. The center thickness of the second lens 122 may be the thickest among lenses.

[0050] Table 4 shows values of aspheric coefficients of surfaces of each lens in FIG. 2.

[Table 4]
surf | A B c D E F G H J
ace
S1 0.015 | 0.008 | 0.008 | 0.017 | _ -0.002 - 1.64E-
- 3.85643 8o 65 - 35 2.7015 0.00888 | o 0.00041 | o
S2 0.095 | _ 0322 | _ 0.193 0.026 0.000
-23.2898 : 0.260 . 0.289 : -0.08973 | . -0.00428 | =
92 69 98 23 29
52 52
s3 0.147 | 0238 | 0.074 -0.007 -0.000
-17.23201 | 0.222 : 0.169 . -0.010 17 : 0.004 09 :
16 3 76 8 61
77 36
S4 - 0.038 | _ 0.115 | -0.005 0.000
0 0.020 : 0.090 . 0.083 | 0.03282 : -0.00025 | -
57 89 54 14
01 76 5
S5 - 0.049 | ) 0.088 0.055 0.001
0 0.066 6'1 0.025 | 0.025 1'3 -0.098 26 4'2 -0.01586 8'3
7 05 47
S6 ) 0.018 | 0.025 | . 0.126 0.059 0.002
- 6.84742 0.014 : . 0.082 : -0.113 : -0.01719 |
28 19 22 75 08
52 41
S7 ) 0.164 | 0.702 | _ -0.229 -0.006
0 0.055 6'3 0.433 7é 0.747 | 0.523 21 64' 0.057 05 13'
64 36 2
S8 ) 0.355 | _ 0.898 | -0.119 - 0.001
0 0.089 0'3 0.738 8'2 0.704 | 036433 | 1' 0.022 53 85'
19 71 14
S9 ) 0.161 | _ 0.354 | _ -0.020 -0.000
0 0.026 . 0.329 : 0.224 | 0.087 71 : 0.002 57 :
o 26 ; 04 9 48 12
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(continued)
surf | A B c D E F G H J
ace
S13 0.016 | . 0.074 | | 0.073 0.013 0.000
0 : 0.059 . 0.082 : -0.04146 | _ -0.00246 | -
3 39 12 78 18
42 42
S14 - ) 0.060 | . 0.058 0.007 6.23E
11.3092 0.003 | 0.034 5'2 0.075 35 -0.026 44 0'1 -0.00102 0;5 )
67 79 62
S13 ) 0.344 | 0.214 | -0.006 - 3.83E-
0 0.287 2'2 0.320 2;1 0.100 | 0.03249 67' 0.000 77 05'
25 89 86
S13 ) 0.126 | | 0.083 | _ - 0.001 - 8.52E-
-10.53429 | 0.092 : 0.131 . 0.035 | 0.009 86 : 0.000 19 :
83 29 77 06
9 79 12
S14 0.000 | _ ) 0.004 | - 3.46E- - 4.10E-
-2.33734 7' 0.006 | 0.006 9' 0.001 | 0.000 32 05' 1.94E-06 08'
46 36 66
S15 - 0112 | 0.015 | _ 3.29E 2.80E
-3.31377 0.213 8'2 0.049 65 0.003 | 0.000 41 65' " | 1.46E-06 68' )
57 65 21
S16 - 0.034 | . 0.002 | . 2.15E 1.14E
-5.81739 0.083 : 0.011 : 0.000 | 363E-05 | ="~ | 742E08 |
43 95 65 64 39 06 09

[0051] Referring to FIG. 3, the optical system of the third embodiment may include, for example, a first lens 131, a
second lens 132, a third lens 133, a fourth lens 134, a fifth lens 135, a sixth lens 136, a seventh lens 137, and an eighth
lens 138 sequentially arranged from the object side to the image side. The optical system may include an optical filter
192 and an image sensor 190. The first to eighth lenses 131 to 138 may be sequentially disposed along the optical axis
Lx of the optical system. The light corresponding to the image information of the object is incident through the first lens
131 to the eighth lens 138, pass through the optical filter 192, and may be obtained as an electrical signal by the image
sensor 190. Each of the first to eighth lenses 131 to 138 may include an effective region and an ineffective region. The
effective region may be a region through which light incident on each lens passes. That is, the effective region may be
aregion in which the incident light is refracted to implement optical characteristics. The ineffective region may be arranged
around the effective region. The ineffective region may be a region in which the light is not incident. That is, the ineffective
region may be a region unrelated to the optical characteristics. Also, the ineffective region may be a region fixed to a
barrel (not shown) accommodating the lens, or a region in which light is blocked by a light blocking part or a spacer.
[0052] The aperture stop ST may be disposed between two lenses selected from among the first to eighth lenses 131
to 138. For example, the aperture stop ST may be disposed on an outer circumference between the first lens 131 and
the second lens 132, or on an outer circumference between the second lens 132 and the third lens 133. The aperture
stop ST may be disposed closer to the exit side of the first lens 131 than to the fourth lens 134. As another example, at
least one lens among the first to eighth lenses 131 to 138 may serve as an aperture stop. For example, one surface
selected from among the lens surfaces of the first to eighth lenses 131 to 138 may serve as an aperture stop for adjusting
the amount of light. For example, the circumference of the image-side surface of the first lens 131 or the circumference
of the object-side surface of the second lens 132 may serve as an aperture stop. In the optical system of the third
embodiment, each lens may have a difference in the curvature of the object-side surface and the image-side surface of
each lens disclosed in the optical system of the first embodiment, a difference in thickness or refractive index of the
center of each lens, and a difference in a distance between the other lenses, which will be described below.

[0053] In the optical system of FIG. 3, the first to sixteenth surfaces S1 to S16 of the first to eighth lenses 131 to 138
may all be aspheric surfaces. Among the radii of curvature (changed in absolute values) of the first to sixteenth surfaces
S1 to S16, the radius of curvature of the seventh surface S7 may be the largest, and the radius of curvature of the third
surface may be the smallest when changed in absolute values. In the Abbe numbers of the first to eighth lenses 131 to
138, the the Abbe numbers of the second lens 132, the fourth lens 134, the sixth lens 136, the seventh lens 137, and
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the eighth lens 138 may be 50 or more, and the Abbe numbers of the first lens 131, the third lens 133, and the fifth lens
135 may be 30 or less. Looking at the refractive indices of the first to eighth lenses 131 to 138, the refractive indices of
the first lens 131, the third lens 133, and the fifth lens 135 are 1.6 or more, and the refractive indices of the second lens
132 and the fourth lens 132 have a refractive index of 1.6 or more. The lens 134, the sixth lens 136, the seventh lens
137, and the eighth lens 138 may be less than 1.6. The third lens 133 and the fifth lens 135 have the highest refractive
index and may be 1.65 or more.

[0054] Table 5 shows the data of the radius of curvature, thickness, distance, refractive index, and Abbe number of
the surface of each lens of the third embodiment.

[Table 5]
Lens Surface | Radius (mm) of curvature | Thickness (mm)/ Distance (mm) Index Abbe #
S1 2.676 0.315 1.6142 | 25.592
LENS 1
S2 2.493 0.218
Aperture stop Stop Infinity -0.100
S3 2.253 0.771 1.5441 | 56.115
LENS 2
S4 -21.713 0.050
S5 5.371 0.250 1.6714 | 19.238
LENS 3
S6 2.802 0.424
S7 -126.364 0.320 1.5441 | 56.115
LENS 4
S8 -13.002 0.105
S9 -12.814 0.292 1.6714 | 19.238
LENS 5
S10 -16.888 0.257
S11 -8.217 0.327 1.5441 | 56.115
LENS 6
S12 13.222 0.114
S13 2.156 0.659 1.5441 | 56.115
LENS 7
S14 5.105 0.458
S15 3.051 0.621 1.5343 | 55.656
LENS 8
S16 1.534 0.573
Optical filter S17 Infinity 0.110 1.5168 | 64.198
S18 Infinity 0.482

[0055] In Table 5, the thickness is a center thickness (mm) of each lens, and the distance is a distance (mm) between
two adjacent lenses. S17 means the incident-side surface of the optical filter, and S18 means the exit surface of the
optical filter. Comparing the radius of curvature as an absolute value, the radius of curvature of the seventh surface S7
of the fourth lens 134 may be the largest in the lenses, and may be more than 7 times of the radius of the curvature of
the ninth and tenth surfaces S9 and S10 of the fifth lens 135. The radius of curvature of the tenth surface S10 may be
greater than that of the ninth surface S9. Among the first to fifth lenses 131 to 135, the second lens 132 has the thickest
center thickness, and the distance between the third and fourth lenses 133 and 134 may be greater than the distance
between the first and second lenses 131 and 132, and may be smaller than the center thickness of the seventh and
eighth lenses 137 and 138. The center thickness of the second lens 132 may be the thickest among lenses.

[0056] Table 6 shows values of aspheric coefficients of surfaces of each lens in FIG. 3.

12
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[0057] As inthe above embodiment, it may be seen that each lens may be composed of a plastic lens, and all surfaces
of each lens have an aspherical surface coefficient. In the first to third embodiments of the invention, the center thickness
of the second lenses 112, 122, and 132 is the thickest, and may be, for example, 0.7 mm or more. The distance between
the third lens 113, 123, and 133 and the fourth lens 114, 124, and 134 and the distance between the seventh lens 117,
127, and 137 and the eighth lens 118, 128, and 138 along the optical axis may be greater than the distance between
the first lenses 111, 121, and 131 and the second lenses 112, 122, and 132 or the distance between the second lenses
112, 122, and 132 and the third lenses 113, 123, and 133, or may be greater than the distances between the fourth to
sixth lenses, and may be, for example, 0.4 mm or more.

[0058] Optical systems according to the first to third embodiments of the invention may satisfy at least one or two or
more of the equations described below. Accordingly, the optical system according to the first to third embodiments may
have an optically improved effect.

[Equation 1]

0 <BFL/TTL <0.5

[0059] In Equation 1, BFL means a distance from an apex of the sixteenth image-side surface S16 of the eighth lenses
118, 128, and 138 to the image sensor 190, and TTL means a distance from an apex of the object-side first surface S1
of the first lenses 111, 121, and 131 to the image sensor 190. Equation 1 may provide a high-resolution optical system
by providing TTL with a longer length than due to BFL.

[Equation 2]

0 <BFL/Img <0.5

[0060] In Equation 2, Img means a vertical distance from the optical axis Lx on the image sensor 190 to the diagonal
end of 1.0F. Equation 2 shows the relationship between the distance from the apex of the sixteenth image surface S16
of the eighth lenses 118, 128, and 138 to the image sensor 190 and the distance from the optical axis Lx to 1.0F.
[Equation 3]
0.5<F/TTL<1.2

[0061] In Equation 3, F means the total effective focal length of the optical system.

[Equation 4]

1.2<F/D1<24

[0062] In Equation 4, D1 means the effective diameter of the first lenses 111, 121, and 131. The effective diameters
of the first lenses 111, 121, and 131 may be smaller than the total effective focal length F.

[Equation 5]

05<TTL/D8<1.5

[0063] In Equation 5, D8 means the effective diameter of the eighth lenses 118, 128, and 138. The effective diameter
of the eighth lenses 118, 128, and 138 may be larger or smaller than the total effective focal length F.
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[Equation 6]
05<f2/F<1.5

[0064] In Equation 6, f2 means the focal length of the second lenses 112, 122, and 132.

[Equation 7]
-5 <f2/3 <0

[0065] In Equation 7, f3 means the focal length of the third lenses 113, 123, and 133.

[Equation 8]
0.5<f2/f28<1.5

[0066] In Equation 8, f28 is the combined focal length from the second lens to the eighth lens in the optical systems
of the first to third embodiments.

[Equation 9]

0.5<f2/f12<15

[0067] In Equation 9, f12 means the combined focal length of the first lenses 111, 121, and 131 and the second lenses
112,122, and 132.
[Equation 10]

05<f28/F<1.5

[0068] As shown in Equation 10, the combined focal length from the second lens to the eighth lens 28 in the optical
system may be smaller or larger than the total focal length F.
[Equation 11]

0.5 <fI2/F<1.5

[0069] As shown in Equation 11, the combined focal length f12 of the first lens and the second lens in the optical
system may be smaller or larger than the total focal length F.

[Equation 12]

0<L2R1/L2R2|< 1
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[0070] In Equation 12, L2R1 means the radius of curvature of the third object-side surface S3 of the second lenses
112, 122, and 132, and IL2R21 means an absolute value of the radius of curvature of the fourth image surface S4. The
radius of curvature of the third surface S3 may be smaller than the absolute value of the radius of curvature of the fourth
surface S4.

[Equation 13]
0 <L3R2/[L3R1| <1

[0071] In Equation 12, L3R1 means the radius of curvature of the object-side fifth surface S5 of the third lenses 113,
123, and 133, and IL3R21 means the absolute value of the curvature radius of the sixth image surface S6. The radius
of curvature of the fifth surface S5 may be greater than the absolute value of the radius of curvature of the sixth surface S6.

[Equation 14]

0.7<G2/G3<12

[0072] In Equation 14, G2 means the refractive index of the second lenses 112, 122, and 132 at 587 nm, and G3
means the refractive index of the third lenses 113, 123, and 133 at 587 nm.

[Equation 15]

1 <T2/T3<5

[0073] In Equation 15, T2 means the center thickness (thickness on the optical axis) of the second lenses 112, 122,
and 132, and T3 means a center thickness (thickness on the optical axis) of the third lenses 113, 123, and 133. The
center thickness T2 of the second lenses 112, 122, and 132 may be greater than 1 time and less than or equal to 5
times the center thickness T3 of the third lenses 113, 123, and 133, for example, in a range of 2 to 4 times, and optical
performance may be improved by the difference between the thicknesses T2 and T3 of the third lens.

[0074] Optical systems according to the first to third embodiments of the invention may satisfy at least one, two or
more, or all of Equations 1 to 15. In this case, the optical system may implement a high-definition and high-resolution
imaging lens system. Also, by at least one of Equations 1 to 15, unnecessary light entering the optical system may be
blocked, aberrations may be corrected, and performance of the optical system may be improved.

[0075] Table 7 is an example of preferred values of the items disclosed in Equations 1 to 15 of the first to third
embodiments.

[Table 7]

ltem First embodiment | Second embodiment | Third embodiment
BFL 1.165 1.146 1.16
TTL 6.25 6.29 6.37
Img 4.536 4.536 4.536

F 5.010 5.113 5.248
D1 2.890 2.700 2.800
D8 7.290 7.236 7.140
f2 3.773 3.874 3.778
3 -8.916 -9.516 -8.971
28 4.400 4.748 4.810
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(continued)

ltem First embodiment | Second embodiment | Third embodiment
f12 4137 4.113 4.034
L2R1 2.213 2.293 2.253
L2R2 -26.543 -24.289 -21.713
L3R1 6.013 5.394 5.371
L3R2 2.967 2.886 2.802
G2 1.544 1.544 1.544
G3 1.671 1.671 1.671
T2 0.771 0.772 0.766
T3 0.250 0.250 0.250

[0076] Table 8 shows preferred values obtained by Equations 1-15 using the values in Table 1.

[Table 8]

Item Equation First embodiment | Second embodiment | Third embodiment
1 BFL/TTL 0.186 0.182 0.182
2 BFL/Img 0.257 0.253 0.256
3 F/TTL 0.802 0.813 0.824
4 F/D1 1.734 1.894 1.874
5 TTL/D8 0.857 0.869 0.892
6 f2/F 0.753 0.758 0.720
7 f2/f3 -0.423 -0.407 -0.421
8 f2/f28 0.858 0.816 0.785
9 f2/f12 0.912 0.942 0.937
10 f28/F 0.878 0.929 0.917
11 f12/F 0.826 0.804 0.769
12 L2R1/|L2R2] 0.083 0.094 0.104
13 L3R2/|L3R1| 0.493 0.535 0.522
14 G2/G3 0.924 0.924 0.924
15 T2/T3 3.084 3.088 3.064

[0077] Asshownin Tables 1 to 8 above, it may be confirmed that the first to third embodiments of the invention satisfy
Equations 1 to 15.

[0078] FIG. 4 is a perspective view illustrating an example of a moving device to which an optical system according
to an embodiment of the invention is applied. As shown in FIG. 4, the mobile terminal 1500 may include a camera module
1520, a flash module 1530, and an autofocus device 1510 provided on one side or rear side. Here, the autofocus device
1510 may include a surface emitting laser device and a light receiver as a light emitting layer. The flash module 1530
may include an emitter emitting light therein. The flash module 1530 may be operated by operating a camera of a mobile
terminal or by a user’s control. The camera module 1520 may include an image capturing function and an autofocus
function. For example, the camera module 1520 may include an autofocus function using an image. The autofocus
device 1510 may include an autofocus function using a laser. The autofocus device 1510 may be mainly used in a
condition in which an autofocus function using an image of the camera module 1520 is degraded, for example, a proximity
of 10 m or less or a dark environment.

[0079] Features, structures, effects, etc. described in the above embodiments are included in at least one embodiment
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of the invention, and are not necessarily limited to only one embodiment. Furthermore, features, structures, effects, etc.
illustrated in each embodiment can be combined or modified for other embodiments by those of ordinary skill in the art
to which the embodiments belong. Accordingly, the contents related to such combinations and modifications should be
interpreted as being included in the scope of the invention. In addition, although the embodiment has been described
above, itis merely an example and does not limit the invention, and those of ordinary skill in the art to which the invention
pertains are exemplified above in a range that does not depart from the essential characteristics of the present embod-
iment. It can be seen that various modifications and applications that have not been made are possible. For example,
each component specifically shown in the embodiment can be implemented by modification. And differences related to
such modifications and applications should be construed as being included in the scope of the invention defined in the
appended claims.

Claims
1. An optical system comprising:
afirst lens, a second lens, a third lens, a fourth lens, a fifth lens, a sixth lens, a seventh lens, and an eighth lens
sequentially disposed along an optical axis from an object side to an image side,
wherein the second lens has a positive refractive power,
wherein the third lens has a negative refractive power,
wherein the seventh lens has a positive refractive power,
wherein the eighth lens has negative refractive power,
wherein refractive indices of the first, third, and fifth lenses are greater than refractive indices of the second,

fourth, sixth, and eighth lenses, and
wherein the following equation is satisfied:

1.2<F/D1<24

wherein F is a total effective focal length of the optical system, and D1 is an effective diameter of the first lens.

2. The optical system of claim 1, wherein a center thickness of the second lens is thicker than a center thickness of
each of the first, third to eighth lenses.

3. The optical system of claim 1, wherein Abbe numbers of the second, fourth, sixth, and eighth lenses are 50 or more,
and Abbe numbers of the third and fifth lenses are less than 30.

4. The optical system of any one of claims 1 to 3, comprising: an image sensor disposed on an image side of the eighth
lens; and an optical filter between the image sensor and the eighth lens,

wherein the optical system satisfies the following equations:

0 <BFL/TTL <0.5

0 <BFL/Img <0.5

where BFL is a distance from an apex of the image-side surface of the eighth lens to the image sensor, TTL is
a distance from an apex of an object-side first surface of the first lens to the image sensor, and Img is a vertical
distance from the optical axis to 1.0F, which is a diagonal end of the image sensor.

5. The optical system of any one of claims 1 to 3, comprising an image sensor on an image side of the eighth lens and
an optical filter between the image sensor and the eighth lens,

wherein the optical system satisfies the following equation:
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0.5<TTL/D8<1.5

where TTL is a distance from an apex of an object-side first surface of the first lens to the image sensor, and
D8 is an effective diameter of the eighth lens.

6. The optical system of any one of claims 1 to 3,

wherein the optical system satisfies the following equations:

05<f2/F<I15

-S5S<f2/43 <0

wherein F is a total effective focal length of the optical system,
wherein f2 is a focal length of the second lens, and
wherein f3 is a focal length of the third lens.

7. An optical system comprising:

a first lens, a second lens, a third lens, a fourth lens, a fifth lens, a sixth lens, a seventh lens, and an eighth lens
sequentially disposed along an optical axis from an object side to an image side,

wherein a center thickness of the second lens is greater than a center thickness of each of the first, third to
eighth lenses,

wherein an Abbe number of the second lens is greater than Abbe numbers of the third and fifth lenses,
wherein the following equations are satisfied:

0.5<TTL/D8<1.5

0 < |f2/£3] < 5

wherein TTL is a distance from an apex of an object-side first surface of the first lens to the image sensor, D8
is an effective diameter of the eighth lens, f2 is a focal length of the second lens, and f3 is a focal length of the
third lens.

8. The optical system of claim 7, wherein a radius of curvature of an object-side surface of the second lens is L2R1
and an absolute value of a radius of curvature of an image-side surface of the second lens is [L2R2|, wherein the
following equation is satisfied: 0 < L2R1/|L2R2| < 1.

9. The optical system of claim 8, wherein when a radius of curvature of an object-side surface of the third lens is L3R1
and an absolute value of a radius of curvature of an image-side surface of the second lens is |L3R2|, wherein the

following relationship is satisfied: 0 < L3R2/|L3R1| < 1.

10. The optical system of any one of claims 7 to 9, wherein a refractive index of the second lens at 587 nm is G2 and
a refractive index of the third lens at 587 nm is G3, wherein the following relationship is satisfied: 0.7 < G2/G3 < 1.2.

11. The optical system of any one of claims 7 to 9, wherein a center thickness of the second lens is T2 and a center
thickness of the third lens is T3, wherein the following relationship is satisfied: 1 < T2/T3 < 5.

12. An optical system comprising:
afirst lens, a second lens, a third lens, a fourth lens, a fifth lens, a sixth lens, a seventh lens, and an eighth lens

sequentially disposed along an optical axis from an object side to an image side;
wherein the following equations are satisfied:
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1.2<F/D1<24

0.5<TTL/D8<1.5

0 < |f2/£3] < 5

wherein F is a total effective focal length of the optical system, D1 is an effective diameter of the first lens, TTL
is a distance from an apex of an object-side first surface of the first lens to the image sensor, D8 is an effective
diameter of the eighth lens, f2 is a focal length of the second lens, and f3 is a focal length of the third lens.

The optical system of claim 12, wherein a distance between the seventh lens and the eighth lens on the optical axis
is greater than a second distance between the first lens and the second lens.

The optical system of claim 13, wherein the first distance and the second distance are equal to or greater than 0.4 mm.

The optical system of any one of claims 12 to 14, wherein a center thickness of the second lens is in a range of 2
to 4 times a center thickness of the third lens.
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